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This paper cxomlnes the  econt)ml,:s t ~ f  011- f,rrn~ hator\ltcd 
c x ~ r i m s n t s  conducted by tho l u r m i r ~ ~ .  'ly.;tcmrx Roscarcl~ urid 
Economics I1rogrinnrs i r ~  tile rcgioris t ~ f  Aho i r r  und St~oliri)rr 
i n  Mohardshtra, and Hahbubnagar I n  ,!t\~U~rd I'rudnult during 
1979-80 anJ 1980-81. 7hc rcsu l t  s $ugb:rsl th:rt use c l i  I I Y Y  
seeds and chemical f c r t i  l i t e r s  k ~ t h  p t a ~  :$ion pliiccwnt 
cen substantially i l~crenso i r o l ~  j i C 1 J s .  Ilowevcr, thc 
p r o f i t s  from improved wutcrsllod tcch~~c , logy  were not s i  gni - 
f ~ c a n t l y  J ~ f f e r e n t  t o  jrruf'lts from t l n c i l t  ional  systems 
except i n  the  Al f i so l  v l l lugc  i n  Mnh\~lrt)ndpat' In the com- 
p a r a t i v e l y  d r y  ycdr o f  l1 ) ,H0-b l .  the broaJlwJ strd furrow 
system did n u t  in i rcose  p r o f i t s  i n  rho A l  f i r018 n f  1.l:rhbub- 
riagar and t h e  medium dccl) Vurt isolr  I > F  ~ 2 k u l l r .  In tllc 
u ~ l r e l i a b l c  r a ~ t l f a l l  iler;, V c r t ~ s o l  icylan of S h ( ~ l a p ~ t r  i t  
would not sccm v lab lc  t u  grow rnil ly !2c:iso~r crops, a l t t ~ o u g l ~  
in~pruvlng post - ra iny  season crops h:15 soma prn~aiso.  
Rerearel\ a t  ICKlhAI l'erbt c r  t ~ d s  shokil ttrc p r 1 t  crrt i & l  for  9 ignl  f ' icatl t  1 y 
incronslng p l o d u s t ~ o ~ ~  by ~ d u l ~ t i n y  trn)~ro\*c?~l w.~rrurshcd-basud tcc'hnolopics, 
liowavcr t h c r r  i s  lack o f  infol-motion i1rr t l , u  cxtont t o  wirich tllosu 
technologlcv <.in hc successful ly  in~plcmi*~\turl 111 ft~rmi*ra' l i c ld? 
becvuse  o f  c l  l n i ~ t l c ,  ~ c i . 1 ~ 1 ,  J I I ~  c c ~ n i m ~ i c :  ~ I I  I C I O I I C C ~ E .  Eccl~irrfi tl11o 
in view a coopcrot l ic  on-idrm j~ro)c i t .  u . ~ s  ~ n l l i a t o ~ !  i n l t r ? H  by IL:UISA'T 
i n  col1,iboratlon kith tllv 1ricil.in ( o u n i i l  o t  A # r i c i ~ l t ~ l r l l ~  I I E F L I ) J ~ C I I  ( 1 1 ' A R )  
Small-plot exprrlmciits bcrc i ~ l > d u ~ . t c J  111 11l7rl- 7!l ,is part  o f  rlrc v i l  luge 
lcvi*l s tud lcs  , \ I $ )  t o  olltarn j~rclirnirr.cly r r~to~?s .~t lor i  <)I) 3 u 1 t n b l r  
croppinl: 5 y s t c n s  ~ n d  ilppr.oprl'itc. i ind G ~ r ~ k l  h.rLot' raoiruyrilrgnt tr~cl~rriclucz 
111 Aurcpal l c ,  h a n z ~ r ~ ,  !,I1 I i.iirrir r ' i  llul:cli 111  tltrac a g r u ~  l lni,lt ~c 
regions of se.nt- ,r l ld t r o l , ~ ~ a l  (sA!i I11t1t.k.  f i r  1!Jl '3 -80 and l!,HO-bl 
operat i o n i t i - u ~  11c lard  . I ~ I J  w,ltcr-rl.~n.ldt~~t( 111 c x ~ ~ c r ~ m u n t ~  on e w:ttc*rctrctl 
b a s l s  i r rvo lc~ l rg  ~ , I L I U I I S  0 1  t~l .mers U C I ~  r l r i l  ~ . i f c J  Ir i  811 tlrrc*c v t  l l o g c s .  
2 .  'lo fir:J ways for  C.lrmers t ~ )  p,irticilr.ltc 111 thc tui1inoloy.y 
.!cvcI~l;rmc.nt pruceh,s irl~d 
3 .  10 cxnTine tllc nccJ ond tc  ~ : ; l l , i l i i y  of' g1ou11 a c t  Lon lor  
adoptlvn uf w o t e r s l ~ e d - b u : , ~  systcnis of rcsouxcc devalapmcnt 
dnd man.ipcnleni. 
In t h l s  I;allcr the  approaches used In tho conduct  of  rlic orr-farm 
expcrimcnts drc d e s c r i b e d  and t h e  ecan~mics  o f  tlie r o ~ e a r c h  r e ~ l t ~  
are presented.  
* Research lechnic ian  and I'rincill,ll l ico~luni is t  , f uono~n~c?i IJrugrwnl, 
ICRI\A'T, I 'atancheru P.0. 502 3 2 1 ,  h d t ~ r n  I'redesti, I r~diu .  
?he authors  thank t h e  s t a f f  of t h e  i arming Systcrns Iccscarch I'rogran~ 
_who were concerned w i t h  the  on-farm cxyjerimcnts, c s p e c ~ a l  l y  
J .  Kampen, S . Y . K .  Slretty nnd S.K. Sti;irma, They m e  also 
g r a t e f u l  t o  the  v i l l a g e  inves t iga to r s  of t h e  Economics and Fanning 
System Research Programs who a s s i s t e d  i n  data  co l l ec t ion .  
TECNNIQUES AND hl'PRQnCH 
I t  was inten'lcd t o  gencratv ~ i t . t l l r ) i l ~ i \ ) ~ ' ~ i .  1 1 1  I U T I  I I C ~  I I C ~ C ~ O J ) ,  (itlupt , 
and tart  raproveJ s y  stcra, n l  frrbnrnr~ k t r  ~ n -  l,rra t.onJf t ~ o t ~ r .  floiat~se 
nutdrnl  rcwiirca Jcvclopncat i s  rn trnlwl t:tnr pht lbc  o t  thr ~ C ~ F O I ' C ~ I  
p r o j e c t ,  smi 1 wotcrdicds were .iclootcd tur  1110 rxpurilatant s ,  1110 
tccht~ology to  be t e s t e d  l i ~ ~ o l v e c ]  thi+ ! t / l  lbwlnk ioeipot:rntc: lr~rril 
s ~ o t h l l l g  and g r ~ d v d  colltaur c u l t  t \q : l l i{? :~  1111 t r t i1@tl t+( ' r tb  311d f i l r rou\ ,  l I J l l ' O \ ~ d  ( [ ra in  
iapruvcd v a r l e t  l c s  ,an$! tcrt I 1 ir,crl,, tlnj11 O ~ C I I  i'rolr Indl i , ig~~uc~~t ,  11:~jrrct\ e J  
t oo l s  and urjulprncnt, rilnot l c l \ l  1 vet I O I I  . I I L I I  ~r~lqlloniu~it J J  i rri  p i ~ t  i i i~ i ,  
credit a~ld  v t t ~ e t  ~ I I C ~  i t u t ~ ~ ~ l . r l  ~t I , I I ~ ~ C I ~ ~ C I I ~ :  , + I I \ ~  \ 1 r ~ ) f 1 !  rrli,~~ ill!:, 
market ny jrroriil;~, 4114 I:rDuI1 J C ~  ~ L ) I I  I1.c 111 L, ~ t > < t  w:iq ~ I . . L L I ~ , S C + ~ I  hl ti1 
the farmers, Ilr~t c i ~ e  i h o ~ r c  o t L ~ I I ~ ) ~ : I I ~ ~  s t  om3 w:tz Icf t t o  t l t ~ m .  
Int'ormat ion trum the cc-ojrer~t i v e  I (  h i ? -  I(:IIISA'l ~bl'i~ir.i.t 1 Y l ,  
cnt  i t l c d :  "Nesuurcc J ~ l v c l ~ l ) ~ n c ~ i t ,  cotrwrv<rt LLII ;  i111tI ri!. I 1 l : ~ t  i ~ t t ~  u t l r  
reic;oncr t o  $31 1 311d ~ ; i t c r "  ir11~1 1 <,.: " ! i ! t J : ~ r l t ~ i ! i  : i t  ~ t J i t * , ~  1 1 ,  I I I I I ~ I . ~ I L * ~  
land ,111d w;~tc r ,  it 1 I I ; : I ~  I L I I ~  1 1 )  ~.1:.,11  , $ , , I  I <  ul 1 ~ i ~ . , i i  ~ ~ i \ t ~ ~ ~ ~ ~ l ~ c ~ ! ~ .  I I I  ';,\'I 
Irid i.i" wilL .  u ,c,l t ~ i  Jrs : ;:I\ Itlcsc I f f : .  I . ~ t  I v t , , I ~ ~ I ~ ~ ~ I I C V I  i i  1,t.c ~ ~ I I ~ I : ~ ~ , I I , ! , ~  
1 C l d  1 0  1 1 i l l t l l . 8  ~ - . ~ 0 : - : 1 1 1 1 ~ 1 ! 1  (  I : ( ' J O ~ I I ' C I I  i 1 r ' ( . l t . ~ t  
t o r  k)ryl:i~:d Agrtii;! ~ L I ~ I :  i:\l( l < i t l l \  I ,IIII,! l t b .  , J  I , J j , r ~ i \ \ l  tut"111 L J I I ~ V C I  1 1  it>!* , 
Iwu conlmit ttsct, ktbrt. ioi.lncJ t(1 p,uiciv I I I I ~ I I ~ - I , I C * I I I  % t i  i o ~ l  of' t11t' / I I I . J J C C ~  . 
Illc ' Iccl i~i l ia l  . I d y l  :,ory (:ommittrc. !.'\I 1') J L , , : ~  i : i t ' ~ !  the  rc%c*;~ri 11 ~ ~ I L I ~ u ; . ~  , 
pruvi&-d tcclrnic;~l  opt ions ;~n,i i~rl'clrsr,il i c l l r  t ( 1  fkrmcr?;, :lnJ h : ~ . ;  
I ~ I  f a r  e l  1 i I !  i I '?!. i c t ~ t  1 s . t  ': trtrm A l (  l(lil)A, 
ICRlStIT a11d ~ I I P  Agric111 t ~1'81 l l ! ~ ~ ~ ~ ' ~ ' ~ : ~ l l  Ic!; W ( ? I  I I I C R I ~ ) ~ ' ~ ! ~ ,  ' I ~ v  l O ~ i 1 1  
Advi ~ o r y  ( ;~ ; r~ : i i t t cc  (,I(:!.) was ~t11ist i t  utctl 1:) ~ V ~ I L I I  v i  l l a l y  i~nd MIS  C O I I -  
cer~icc] w i t 1 1  ~ t ~ s  : ( % I ( * <  t 1011 at~tl , ~ c t u a l  ~ I ~ I I I I ~ I I I ~ * I ~ ~ : ~ ~  1011 of' t l r v c l o p n ~ ~ ~ i t  
a c t i v i t  i v s ;  : i l l a  .\c'L cn:;urcd thaL t l ~ c  ; i l t c ~ ~ l i ~ t  ~ V C S  ;I , ,  Y , I I ~ ~ ~ c s ~ ( ' L I  \ I Y  the  
i\C'l' t 0ok u c  iiiCo\lnt :)t' 1 oC;i l  p~ci'c:rt.lii.c~li i1 l l t I  ~ O l l i l i  f 1011%. ' I ~ c  
f in31 c ] w i $ ~ u r i  C L I ~  1:r Q I I  :ill ;~t<i)cct:: oi '  : I I ( *  tIctfe iol~;*t!"~il 111 iiri!i ; I * ;  I 1 
a f f c c r s d  ~ n d i v i c f u ~ i i  ) lo t s  wils t11c ~ c ) o j ~ c ~ . ~ t i ~ l j :  ! ; I I . ~ I ~ , . J .  
'lo t e s t  t h c  ;.,:rfnl-m:in~v ot' the pror;;lc.c,t ivc. .;oi I ,  w;rtc*r, ; t r ~ d  crcrj, 
manngcment t c ~ t i n o l o ~ : y ,  c o m p i ~ r i s r ) ~ ~ ~  ~ 1 . c  t n i ~ c ! ~  w: 1 I t  V1.5 i u  ~.firvr&~ I radi . 
t i w a l  systcms i n  p l o t s  ou ts ide  tlic w:~tt , rshc~l  1,itt ol' sllslliir  r ; c r i i  
type and d e p t h .  Tkcnty crop y i s ! J  siimlbic:; cliiii c r !  24 ~clu;;rc mcters 
(8  x 3) k'r1.c I I J ~ V C S ~ C ~  Luth I n  v,rtcr 'Sh~t! p l o t s   rid in  ~ c l e r t c ; d  t r i ~ d l -  
t i o n a l  f;irncrst p l o t s  f o r  corcparisun, I!:~ta on urjc of $cttlu, Itart l l  i zers ,  
p1;int protect I U D ' ,  bullo;ls,  a:ld 1lirrn;ln IVtl ,o~.  k c r c  rccorrlcd .;y~;tc~n;:ir colly 
on :r J a i l ) .  bxs i s  i n  ttlc r l rpc,r in ,~ntnl  vltor511c(l i ~ n d  or) .I 1.cv.nll 11us.I.l i n  
tlie t radl!  lor, ,~l p l a t s .  AgronomiL arrd r S i  *,rionii~ rcrl'ri~niancc w,r r t  used ns 
t h e  t c s r  c r i t c r i a n .  
I n  tlrc 1!)78-73 sn3li-plot trials. ,  I f  I~li,\ 'I ( ~ n r p l c t c  ly %l~!)s , t l )scJ  
the purchase of  secds,  f ~ r t l l i z c r s ,  i r i ~ , ~ c . t i ~ ~ ~ d c ~ , ,  c t c .  111 ho th  19;'$-80 
an71 1980-81 when thc watr*rst~eds wcre Jcvr:)cjprd .~lrd Iqrpc*r f a  t-~si-rs' 
p l o t s  were utllizec! f c r  the cxprrimcnta;,  Il:P!shl bi,idfi i1V~lllril~lc 6111 
inputs  on the  basis o f  jdvancc3 l o  t l i c  l.rxmt r s .  IItCl i1:lrvcst fire 
a c c o u n t s  o f  a i l  f o m r i  hero cuabp~led tc. c s t i n u t a  cost b ,  gross incomas 
(part ly  imputed) and prof ' i t  s for cech i r.iq):lpiot, 
F a r r a r s  urre y u a r a l ~ t c n d  u p r o f ' l t  a t  I rQnst  as l a r g e  EIS t h ~ y  k,\uld 
have achloved had they  lwvn prowl nh: t r u ~ l  k t  lon.11 c r o p s  w l t h t r a d i  t  iona 1 
i n p u t s  and mnirgemcnt. A s  rscnt toncd,  t tw ~ i < ) t ~ ~ n i l c ~  or" t h e s e  plots was 
also e s t i m t e d  wit11 t h e  r i l l  of rccc?rds :rtid crcy"yl1d srntp1c.i. if^ t h e  
farmers v c h i t v c J  p r o f i t s  on t h e  watrrrilicri p l o t s  of uxarc than t w i c e  t h e  
level o f  p r o f i t s  ~ i c h i e v c d  on t i t s  t r n d i t i c ~ n ~ r l  j r lo t s  tlren I ( 'R ISA1 
r e q u e s t e d  repayment oC t h e  a<r r l i r r r  sdv:tn;cr; f u r  i ~ ~ p u t s .  O ~ ~ F I W I S F  
advances d i d  no t  have t o  be r e p a i d .  
??re land end w a t e r  Jevalopment (111 , I  k .~ t r r r . l r s J  I I U ~ I J  w:is I n i r  iticed 
in e a r l y  1979 in rhl-cc! o f  tlic ~ '111agcs 111 11'1(1S1\1 ' 5  Vl .S,  ( h ~ l y  thr  
r e s u l t s  of  t h e  water.~!\cJ C ~ p ~ r i m c l i L 3  h i l l  ?to c l i s c ~ ~ s ~ d .  ,I; the rmnl l .  
p lo t  exper iments  in 1378-79 were ut a d l . i ~ , i ~ o : i t i c  l l l t u r c  tllr-v wlll  t ~ o t  be 
p r e s e n t e d  h e r e .  Ilic s a l i c n t  t c a t u r c s  0 1  I lto s r l o c t a d  v l l  l i ~ g s %  lira cnn- 
tairierl in ,ZlrjrcnJl x I . t ' u r t h c r  d e t , ~ i  l s 1' in l)r found i n  .11~lh.i rr :I 1 . ( 1 9 7 7 )  
Aurcpal It. i i 1 l.rl:c 
--- --"--- - --A 
A 13 .5  h ~ .  A l t ~ s o l  w3tershcd w i t h  sol1 tlcjrlli \ I r v i n g  front 1 0  tin t o  45  cm 
involving 5 tamtcrJ  w.ib .le~..eIo1md Jurir~p the dry !5ea$on o f  197!) iri 
Aurepa l lc  v i  1  l i g e  n c J r  Ilycleru\~ad, Andl11:1 I 1.~1tlo%11, when d r , t f t  11nirn~1 *) 
4nJ hman l a b o r  clere r c l a t i v o l y  undoro~nj~ lovcd .  l irrmcrs wcrc q u i t c  
c o o p c r d t l v p  and most of the r o q u i r c d  b u l  lock and I-rwn~r~ 1,rttnl was p r o -  
v ided  by tllcm. I)rvoloj~mcnt  a c t i v l t i c ~  C Q I I F I S ~ U ~  111 '  ~ t v ~ o v a l  o f  -ttonaS 
~ n d  hu5hes. c u l t ~ v n t l o n ,  r i d g i n g ,  Iiind sw)ot t i ~ n g ,  rind cst , ibl  r4imrnt of' 
brondl,ed and furrow system o gr6rdcit c o t ~ t  oul ol 0 .  I t o  0.7!. 
T o t a l  Jevclopincnt c o s t $  were c s t  imtttc'l 111 ~ I C  ~ r o t ~ n t l  Its. 4 8 2  p c r  
ha ( 1 a l l c  1 ) .  lhis lnc ludod  c o s t s  lacurruJ i l l  Ll>~rning kutcrwrcys, 
buildlny d r o p  s t r u c t u r e s  and land prci)ur, i t iwn.  '111~ ct~. :~.gcs f o r  ttunlarr 
and b u l l o c k  l a b o r  wcre based on vlllagc r'iitcs nntf 1nc1ltdrt.I i ,ot l~ inmily 
and f11rcJ l a b o r .  The whcel&d tocll crirl i c r  iisctf i n  dcvcloi>nict~t urld o t h e r  
operations waa c o s t e d  a t  t h e  r a t e  of  R s .  2 . 7 5  p c r  hour, o r  Hs. 2 2  per d r y .  
l h i s  was based on s c a p i t a l  c u s t  o f  Rr.  8500 +mi a working l l t c  of  
5000 h o u r s  o f  o p c r n t i o n .  Far t h o  c a l c u l ~ t i o n  01' annunl nverhcild c o s t s  
o f  h a t e r s h e d  development ,  a l l  drvcloprnent c o s t s  such a s  land  smoothing, 
r i d g e  markin& p r o v i s i o n  of  waterways il11J m l n  d r a i n s ,  8114 t h e  con.8fruc- 
t i o n  of d r o p  s t r u c t u r e s  were dopracratcrf  ovcr a pcrrod of 211 yc%:rr:~, 
o p e r a t i o n s  l i k e  p loughing ,  c u l t i v a t i o n ,  ~ n d  hed-f'crrming wcrc  d e p r e c i a t e d  
o v e r  a p e r l o d  of  3 y c a r s .  By dulnj! so wc a r r i v e d  n t  rr f i g u r e  o f  Rs, 140 
per h e c t a r e  as t h e  annual  overhead c o s t  o f  wittershcd dcvclopmcnr in 
w s p a l l e ,  Subsequent c o s t s  o f  1:inJ p r e l ) a r n t i o n  and c u l t i v a t i o l l  which 
are annual requ i rements  were chnrgc.1 f'or t i ta t  p a r t  i c u l e r  crol ,  Yc:cr in  
a d d i t i o n  t o  t h e  Us. 144 per h c c t ~ r o  wrrruiil ovrt-head c v s t s  o f  wnterahed 
davelopraent . l 
R~sultir from v.arlws cxpertme~rts . ~ t  TCUlhAT Ir:rvo ~ h o m  that s i p t i -  
ficant rat unrs u8.h)' be nbt .rinutf fr0n si~l~[l lct?n*nt~ry k rlgut ion  o f  crupr on 
Alf l so l s .  To further tes t  this i n  nn o n - f . ~ m  situ.gtion ~ we11 bclurrgfng 
t o  a couporat in8 farmer i n  tho wil t  crvl~cd kn*  runov;~ttrcl on the condit ltrn 
t h a t  t h e  d v ~ 1 1 . 1 b l e  urrtar would be sh:~rctl by o ther  fomurs for the two- 
year per iod  o f  thc cxperlment. 'n~c  t o t  ,il t o s t  o f  h e l l  rclrovutirin a n d  r r -  
c r i b b i n g  W A S  12.9. 1530. 'I'his cost  ~ I . I +  Irrt.n t * x ~ l t i d r + J  t rum t l ~ c  c-(>st s 
in Tablc 1 .  
1 1 C o s t s  o f  t i evc lop in l :  1h.1. sinill l h,1trr3hctl i n  
Ailrcrpallc v ~ l l i i # ~ . : '  
:itctncs I : S C ~  f'or drop s t  :-L1cttires 
Grilssc:; for w;1t c+rw,rys 
a I n c l u d e s  c o s t s  of '111 htunnn ;in41 hul lurb.  1:rbor 
If. i:ally ;113,1 tii rcd)  plul.  ttrc whcr.loiJ t o o l  c.;dr131cr 
w l i i c h  w . 1 ~  cu~t't l  trslng 4 rhatgc of N u .  L 2  per  
day .  
1 .  Wher~ the t l i r c c t  costs o f  scetiu, f e r t i  1 lzors ,  inscctjclclcs, Irumtl and 
bullock labor, and implcmollt  hirlrrg rirc. c lcd~~ctcd f'rom crop gross 
retunls (gr;iin p lus  lyprodi,ct S )  , a 81 '1: ) ' .  1)rnf I ( .  r s derived. When 
t h c  annrial ovcrhcad costs u f  w;~lcr.slictl clcvelojlmcllt ;rrc then dcdrrcted 
- 
from gross profits  we arrive at. ;I f i ~ t ~ r c  for n e t  profits .  
I n  18"9-liil tire wetcrahcd was t l r y - ; ~ l 6 i r ~ r c - ~ l  t c ~  ~ ~ ~ r y h u t a t ,  ~ ; r i j ~ d i ~ i i t ,  
castor, pearl m i  1 l c t ,  and ~ I $ e r ) n p ~ ~  .)J:r.lJ \ ! t hc crtis4r! of t t l ~  IIIUI\*,UC)II 
season t o  study the ef fec t  o f  I ~ n ~ ~ ~ d l ~ c ~ i s  .i k<! f l~ r t c l r ?  4 i lny~r.~,! t o  flatt 
p l a t i n g .  VIC e:irly pdrr  o f  tile r v ~ k n j  + ~ ~ ~ . ~ . ~ o t t  i ~ f  i!l:9 U : I S  ~ ~ J I ~ C I I I L I I I I ?  
f~vorabls i n  t r l l r s  o f  t t ) ~  ~ \ I I * L ~ ~  o f  t h v  r .1~11:~ .in11 I J I ~  rrrlr\f.tii dr. ,r  I tlnr- 
t i o n ,  and n s:r t isfrrctory c r ~ ~ p  .t?ur\l k l , i b  t . ~ t , i t ~ l r ~ l i c ~ l l ,  t iukc~\l t i~,  ,i I L ~ E  
dry  period O C ~ ~ I I  rcii soon .r f't c%r .111\! ! l i t ,  r t c ) f ~ ' i  W P I  c . L I ~ J  1*1 t t t r  \ P I  1 ~ r c 1 ~ ~  
moisture s t r r 5 s  r r s u l l  i o c  r u  w i l t  ~ n g  r ' t  \ {'.tor .lnt! tlrc pc.*rrl I:*I 1 1 t . t ;  
pigconpo,r ~ n t  vrc rap .  L i t  L. &%t  , I + % O I I  I L u l \ \  1 , ,- I 1 i t  . I \  L rtlp I ~ * L I J V V I ~ .  
The uv(,r,11 I cconoml c pe: t t ~ r r h ~ ~ ~ i <  tq u !  t 1 ) )  i~!,pru\ t u < I  nbtttqf ~ ) ~ ~ l l - l ~ i ~ : i ~ - d  
technology w : i ~  llr>t 5,lt A % f . ~ c t  ( 1 1  \ ( ! ,~ l r !  L *  2 I . i !IS, 11c.t 11rttf1t v 011 ! t 1 i 6  
improved w u t ~ ' r s h i ~ ~ 1  \*vrtm o n l y  1 15 11 I pltr r t h.~ri ,111 f.1111cr \ '  t I ( ~ t I ; t  L U ~ I , ~  1 
plot: ,  and t l ! i% J~t*ft*rcncc* w-4% G t l , ~ ~  1 \ ! 1 ~ . i l l y  : ; I ~ : I I I ~ ~ L . I I ~ !  ( 1 - t \  r i J ) ,  
Although f i ~ r r ~ l :  l i !  g h c r  v l c i d b  were .I\ h ~ n \ c t l  w i t h  t I I L I  ~n~provrd w l r t  rt . r l ~ c  & I  
! > a s 4  t c n c h t ~ c ~ l ( ~ i t ~  ( I  1111. I I \ \ '  %CVL!.  , 11 , !  t (  t t I 1 I + C I S ,  ,*IICI l r n l ~ r t t b ( . \ l  
c rop nrdtl.l+:c. !;it 11' , ) ~ o t  k t 3  L,CIX* f111t \ ~ t t h f  , i i t t  I ,I 1 1 )  1 1 ,  h:lit*r I ~ V L  :111%t- o t  
i n t e t ~ b ~ . ~ c t l ? v ~ , l  t t i ; ~ r t ~  c q ? t ~ ~ i , ~ t l ,  t ~ ~ ~ ~ ~ ~ ~ k c ~ l  1 t t 1 1 1 1 : c r \ .  ' l11t .11 t ~ j , t %  
i i nu te r i ,~ l  . Iitlt!i i lr  .irtJ Itul 1 nc.k I : ~ t ~ r r  ,-oa,r * w I t ti t t i c  t ntprnvr,! I f 8 i  l~r~olof iy  
kcre  tht 'ec ~ I I I I C - .  Irifillcr 111 111 w l t t ~  f lie t l.it!lt l11t1.11 I L ~  fltrIili;i~ . ~ 1 h . 1 ~ 1  l ~ y  
fdrmcrs.  ihc.  t (  cirtit~lopy woultl imrlc~ubt~tll! I I C  * . I IB  &.(.,+ - t 111  I t I Ire I ~ ~ g l r r r  
y l c f d s  coulf' I le .ii;tlclvcc! \ v t t l r  rvcl~l I.,! ( 1 ,  1 
~ i i  1 1 1 I i l  I f r w  t ; I I I  . 1 t i  I I \ 111 t j v : ~ t  r olt 
mct hods k rc+)~~ :~k :  ,, '  l \c r  ~.t):!tij~)iIC;lt t  cor~i>tr l~l t  , :,igrl f'iiv;rt\t d i  f'f'vrc~~c~c.!, 
W V r C  I I O t  t'k i r l < ' l l t  4 1 9 1 ~ 1  I t \  W e Y C  h j t  1 1  6 stnqtOr (111 I J I ~ + , I C ! ~ ~ ~ * ~ ! ' ,  < l l l t ~  
t ' n l - r o ~ ? ~ ,  w h c x r . ~ ~ ~  wlt11 ;)car1 m i  1 lct/l)i R C C I I I ~ L ~ : I  I 111 C r i l ' f l j i  t ~ I C  r ~ v v t :  c 
w ~ s  t r ue .  I l .ri b. l t  cd groiultlnut grum O I I  I t 1  tr,~dl>c.l+. .ind 1 urruwq w.i:: mo*,; 
t i r o f i t f i l ~ l c  (P. ,  I6iUih.r). 'Ilris result s u l l j ~ ~ t ~ t , . .  I I I C  f 11r~ l i11f5  1 1 ,  r 
sttltl i cs th;tt  t hc.rc ex1 st s soac potcbnt 1 : i l  I rcits ~ n l ~ r l j ~ i  c.mr.rrrnry I ~. l . i j , , t t  loti 
of  high-vnlut. L ~ - I ? ~ I : ;  i n  A 1  1  sols. 'i'ho t'inr!irli: thut t h e  hrc)atll~etl\ ,111d 
f ~ l r r o h s  kc1.c not  iil,c.rior t o  t h e  t 1'11 syC.t csr ( 1 1  1 t i l t  ~ v l t t  lor1 ~urdcl 
improved miin lgcanlfnt i n  thc Aurcp;~l e  tll f~ sol  w ~ ~ t c r .  l ~ c r l  ( o n f  1r.m I I t ( +  
clcctirn~~!.)tc~f cv i~ lcn ,c  f row relc..~rcli , l t  I('1t lL~t1'I ( t - r ~ l t ~ ,  . 
Intmecllatcal) :r!to~' t l~c .  h ~ l v c s t  1 ~ 1  t h c ~  1'311) 80 C I O ~ , ~ ,  1 1 u ~ ~ t  .lr,ir\c:lt 
c u l t i v a t i c m  i d n %  i t l i t  l , i t t ~ ~ l  111 t tic & . l t ~ l " , ) ~ t , r l  w i t  / I O L I ~  ( 1 1  tt~rlbttil: tltv 
broatihc~ls .~ntl ftrrruus. t I 1 1  1 i c  i t  I ftil lobed & ~ t i r l  t t t c  
srcd  beds ncrc  re:lJy by May. Rcr,~tr.,c t)f  t tic c r l  !;. olisrt ot. t h ~  rtiori
5c)un I n  1960 t hc watershed was ~+lnrrtctl w ~ t  11 s o r ~ ; l r ~ r ~ ~ i ,  jie;jrI nii 1 lct 
311d c a s t o r  in I,ltc lp!,~y. I rr  ; ~ J d i  t 1011 t o  cus;s:jr rscrrrs 1,ctwcc.n i n q r r o t t ( l  
allJ t r a r J i t rona l  f . 1 ~  . s , ~ t e s ' \  or! I;rrp1*-4rillr f';rrmrrs' [ ) l o t %  xn 
l'j190-~1,s~allcr plot  t r i a l s  wt:rc a l s o  rtrntius 2clj. liic t r c ; ~ t  nir.nts J rl 
the smallcr p l o t  t r i a l s  were: 
- 
- broildbcds 311d furrow$ vcrqlr. f l : ~ t  c ~ t l  t ivilt  I O I I  met ilo(14, 
- plant ing  using an improved tlri l l  .ul!d tllc wileelctl t o o l  
T&lc 2 .  Costs and p r o f i t s  f r a n  improved l e ~ ~ d ,  w, r tsr ,  ond crrqt ~npr\nqrment 
p r a c t i c e r  compared to tradltiunal p r s c t i c a s  I n  A u r a p r l l c  v l  l lage,  
1979-!%.' 
kt p r o f l  tr 
Cropping system i r n d  I Lrorr ~ o t a l b  -mtz  
nanaycn\c?r\t uni rr iyetrd ro lirrnr co j ts  davint  /onC 
IHPROVLD WATERSHED 
- - 
Castor Beds U n l r r l g ~ t c d  1206 !116 110 I88 (4) 
r l n t  I l n l r r i q a t r d  1076 H I 7  209 ( 1 )  
P.Pi I l c t /P.yca Beds Uni r r i r :n t r ( i  1 803 jli9 1'14 ( 2 )  
i n te rc rop  
I I Beds I r r i q i i t e d  l6h8 1085 $63 76 ( 3 )  
F l a t  Utt i r r iqsted 1 707 ",2 - ( I )  
Sole P.Hl1 l e t  Hcds I  r r i q a t o d  l$oJ  1384 119 15 ( 2 )  
SorghunIP. pea Beds Partly 1494 1478 16 - ( 1 )  
i n te rc rop  I rr iqat t td  
Groundnut Bcdr I r r i c r a t e J  3403 1772 I631 - ( I )  
All crops combined Bcds U n i r r i q i i t c d  13611 1002 362 401 ( 1 5 )  
f l a t  6 i r r i c j s t c d  
All crops ~ m b i n e d  Brds U n i r r i q a l e d  1141 898 299 260(6) 
All crops covbined Flat Unirrlgatcd 1 1 2 5  770 355 1 7 2 ( 2 )  
Beds I r r i g a t e d  1/11 1260 4 7 1  516 (1 )  
TRADITIONAL FIELDS 
.-- 
All crops combined Flat U n l r r i g a t e d  569 l 318 271 ( 1 8 )  
a. A 1  1 f i g u r e s  are weiqhted averat~rs using crop areas a b  wights. 
b .  Costs inc lude all mater ia l s ,  humen and onimsl labor ,  annual ovcrhcad costs 
o f  development of watershed, annual costs o f  ir~~i~lrnmnt, and cost of  irrigation, 
c. F i g w e s  i n  parentheses are the n d c r  of p l o t s .  
- local  crop spacing bcrsus !r st,tnll,rrJ rm spnclng. 
F r o m  these smnl l p l o t s  o n l y  . lg rg l i (bmr i .  irllkcrtat tons wrrc n:lJa; rrc, clttampt 
was made t o  sttiJy :he C C ~ ~ V I B ~ S - ~  I C C : I I : + ~ *  t r f '  t h o  very limn11 zi:r of t h o  
p l o t s .  
The t u t ~ l  r . , :nfa l l  I n  1qHtl v,iq truly 400 m, wtilch wrls 4.1% Ilulow 
norm.1I. 1  ht~:t$h t ! ~ c  trtiSi*! tlf Illr , ~ . \ r i  u t r l l i  u.1*3 a ; l r jv ,  the rnra*. rr 1 \ 1 1  
receded e.rrly .ir>d I rup.: ~ ~ i 1 1  ftui r ~ c i  (!14(. 1 & I  I .I[ tq \rir*tm drought. An ccu~rtrmlc 
an:lly91s rc+,r..rlc~i t hdt 111 ttri., t . ~ ~ m j l . l I ' ~ l t  l ~ t l  J Itlu r linf:ll 1 yotrt, i l l ~ ! r *~ r * i@d 
p r o f i t a l ) ~  l ~ t v  cotritl .;t 1 1  1 he .~i.hlc.\cJ tlq., tub: t t ~ r  iai)b~ovcil trctinolirey 
comlrarecl t o  t rd t l~  t lor1111 t c c h ~ i o i o g ~ " .  Ittr+ .lvct.rge !let 11rot"itq trtltli 1 l~ul 
improved w : l t r l s l ~ ~ d  ~ r l o t s  wrrc wrt .  tl1.1r1 1 I I ~ I I L *  01c)'ru f'lom tr ' i~tlrt ~rrn:il 
fielJs(1atslu T )  , 1 1 1 ~ 1  c t ~ i f ,  ~ l l f f c r e ~ i c c  htrCb 11 IT^ i i - . i I I v  41~1r i l l ' 1~1111 t  11t 
tile 5 %  prut l ' i t~ l l r ty  lcvcl  ( ! n l . t a 5 1 .  
I n  r lur t . ; l~~l  i t  !,~ltncr.*- u~uibl ly  grow c u l t  tlrt s o l c  r'~rstor o r  c , t \ lur  
i r i t r l  cropl~crl h i t  ti .I Icc* 1 lnus o f  i)il;~olrj)c"ti, I T I  1980-XI u ncw  omt ti nil- 
t l o n  o f  ce~.c<ti: ,  *rr~d C . I P , I O ~  w.15 t r luci  ;~rttl rcsirltutt in rers.roniihlr 
success .  Cercnl / c < ~ % t u r  ~ r i t  arcropcs t~ntlcr t llc irnprovctl wut rrshod-lruecd 
technology gcnrl.it r ~ i  J L ( . I  ice rtet l i tof  i t  'r cr t  I ( ? .  31!)/t1xr, wt~crcrrq l o s s c * ~  
of a r ~ , ~ n ~ c l  Ils. t ~ i ' t i ~  k c r e  illcitrrcd whrri s u l ~  c t ~ c t t o r  w.rq grtrwn uurr~g. 
t rad lt i o ~ i a l  tc~cl~f~i l lugy.  
I~CC~UL;C ( i t  Viil l~tlOr\S i ~ 1  mo1Sfurc S I O ~ ~ ~ C  j ) t l ~ i t y  ( 3 0 i 1  d e i ~ t h  
v a r y i n g  iron) 10 car t o  1 5  cm dep th )  crop y i e l d  l cvc l s  and r e t u ~ n r .  
var ied  witicly dcrus!i f.rrmcrsl ficld.; w t t  t r  I I I  tilt. w,lttrshed (S l~e t  t y  rt ~ 1 .  
1981). Comb~nlrle two years  r c s u l t ~  J qucstron arlucs as t o  whethcr 
the  broaJLed nnd furl-ow systwn 1s $ t ~ l t , t b l ~  I'nr ,I1 f i s o l s  or. rrat? 'Tliouph 
i t  nppcared tha t  t h e  Ilro;lcibcrds and furrows irrc ncccsriiry t o  obtn i n  
prec i s ion  coat rul i n  seetliag i d  f e r t  i l i ? * i t  ron, t h e r e  uerc no s ~ g n i -  
f icant d i  f f c r c t i c t . ~  i n  mcdn p r o f i t 5  bctwcibr~ crops p1:rntccl an t h e  f l a t  
and those  j)l;int crl on broadhsds i ~ n d  furrows h o l d l n ~  o r  her f ac to r s  cons- 
tant ( t x 0 . 2 8 ) .  'I'he u t l l i t y  of" t h e  whccl~d t o o l  carrkcl. i n  providing 
p rec i s ion  p lan t ing  and f r r t t l i - e r  aypllnii t ion was c~ldcnt In both ycara.  
The improved system uas nore s u p e r i o r  t o  t h e  trlrdil ~ o n a l  system i n  
terms of y ie lds  snd p r o f i t s  i n  1980-81 than In 1979-HO. 'Ihe reasar! my 
be the e a r l i e r  p l an t ing ,  bct tcr  crop management and a goad r a i n f a i l  
dis tr ibut ion  i n  1980-81. 
Tabla 3.  C o s t s  and p r o f  f t s  from impr@vud ldr3d,  wrltar, and crop r n ~ r t n r ~ s ~ n t  
practices compered t o  t r a d l t i a r r a l  p r i r c t i d c s  I t1 Aurepal lr v l  l \age,  
l9Bo-81 .a 
kt r o f l t r  
Cropping system '" I r r i q a t a d /  Lr lss  1otalb x-nr 
unt r r l q a t s d  r r t u t n v  costa 
n* n t h v i  a t  ionc 
IMPROVED WATERSHED 
Sole sorghum 
Surghum/p i geonpea 
i n t e r c r o p  
H i  l fe t /p lyconpca 
i n t e r c r o p  
Sulc cas to r  
Sorghum/cas t o r  
i n t e r c r o p  ( 2 :  1 )  
C,]s tor/soryhum 
i n t e r c r o p  ( 2 :  1 )  
M i  l l e t ~ c a s t o r  
i n t c r c r o p  ( 2 : l j  
Cas tor/mi 1 le t  
i n t e r c r o p  ( 2 :  1 )  
Beds 
& ds 
Beds 
Beds 
Beds 
Uni r r i y o t s d  
Uni r r l y a t c d  
U11i r r i !~ , j l t 'd  
Uni r r i t j n t t * d  
Uni rri ( jatc*( l  
Unl r r i  q d t c d  
A l l  crops combined Beds Uni r r i g o t e d  1 ~ 2 6  gs3 37: 553 ( 2 5 )  
Cereal /pigeonpea Bed5 Uni r r i g a t c d  l i t2  1015 5 4 7  3Ef~(8) 
i ntercrops 
Cereal/cas t o r  Meas U n i r r i g a t c d  1 3 4 7  10%8 319 1194 ( 9 )  
i n t e r c r o p s  
TRADITIONAL F l ELDS 
-
A l l  crops combined F l a t  Uni r r l g a t e d  401 284 113 2 2 3 ( 1 9 )  
Sorghum mix tu re  F l a t  U n l r r t y a t e d  494 2 4 3  251  1 7 2 ( 9 )  
Castor F l a t  U n l r r i g a t e d  21.8 304 (-86) 174 (,lo) 
a. A l l  f i g u r e s  are welghted averages usincj c r r ~ p  are85 as weights .  
b.  Costs i n c l u d e  a l l  m a t e r i a l ,  human and animal labor, annual overhead mrtr 
of  development of watershed, and annual costs of implements. 
c. F igures i n  parentheses are the number o f  plots. 
Shi rapur V i  1 lagc 
Shirrpur vi l lrgc i s  l a c ~ t s d  a b u t  2 5  k~ ri1)1.t I IYCS~ i)F St14iltlj1iir i n  
Mhrrashtrs strcte. I t  r c o r i v r s  rn :Ivcr,lgr9 .~tlnit.il r ~ i n f u l  l o f  tr9l tnm, 
the r a i n f a 1  l dirrlng t t l s  enriy I ~ i t ~ y  ai*,rsoll is w r y  \urcct.tiriri [hpj)oriJl x I )  
Me so i l s  tire rrrnlrt ly deep Vrrt isal.;, 4hwscrtn f ' : ~ l l o w ~ r ~ g  1 %  tr c n m n  
p r u c t i c a  i n  t h i s  a r e s .  
A w,ites~hrri of 1.3.:) Ira l n v n l v l n l g  tt I6lrak!l.s w:i* *clt%l'teJ for t h o  
study i n  March 1979. kvr?luyracnt wdrL st.it.ti$tl rmmc~llhtcly wltlr tire 
cooperat i o n  of farmcr5. S o i l s  werr \el.) Ir. i t . tS s o  t'trlrallling wit11 tlir 
wheeled t o o l  c a r r i e r  ~ Y S  ~ n r r i e t l  O I J ~  t w f o t ' ~  ~ ~ I l w r  t i l l k f i e  u1wr: i t i i ) 1 i~ .  
A single pilir of b u l l o c k s  n o t  , t b l r q  tcr r~ l )o l"dt@ t h ~  tti01 C i i r f i r r  
i n  these hard a o ~ l s ,  so two pairs u f  b ~ ~ l l i r ~ k . \  wcl't* USCJ for ~ h t : ~ e l l i r ~ f i ,  
p l o w i n g  and orhcr u p e r a t l o n s .  ] h i s h  I \  f i c ~ \ r t , ~ l l y  t ) r c ~ ~ r i t c t i c c  i n  this 
ilrcs whcli riving the Lrndit lonii i i r u n  nolcllrt~.r 1.4 ]1l\irlg11 for tlccp c l i lt  i v ~ i -  
t ion  once In c v v r y  thrcc o r  f o ~ i r  yc, r rs .  Ihe wficr*,; p ~ ~ r d  for ~ I ~ ~ ' I I I & ;  a 
pair of  bullvck. ,  r,lngcd from Hs. 211-30 pcr d n y ,  1 1 1 ~  I n i t  i :11  dcvclt~j~rnont 
c o s t s  &t lihr r ,ip\tr wvrc Rs. S ! a ? / l ~ r i  i l'atblr 4 1  . 'Illc 1 v r n l  t~nnua l  o\~crhr.rJ 
costs f o r  dv~r*loi~tncnt of  t h e  w.itr l  *,tlrcd wcrc % s t  iai.rr ~ * t l  t o  be Itti. 1 J b / h n .  
I,iblc 4 .  Costs  o f  d e v o l o p i ~ l g  t h e  snlilll watelllicti i n  
Shi  rairur v i  1 ldgaa 
('hiscl 1 i n g  
I'lowing 
Rladc harrowing 
I .tnd .s hap I n g 
Cul r i v a t  ion 
f'orming broadbeds and fur  rows 
Wstcrways and strwctur.cu 
a Includes c o s t s  o f  a l l  (f,lmily and hired) humnn 
and bul lock  1:ibor plus thc wheelrd t o o l  c ;~rr lcr  
which was cosrod using a chargo of b. 22 per 
day. 
The wrtct*shed was dry-p la t ted  to  pc,rri m i  1 let 'pigaonpcti r nt a r -  
cmp strid raimli;hc.~n i n  , ~ U I \ C  1117!), 1110 tbal  l y  pirrt o f  t tlr rainy %caron 
was fovourablc but soon thereafter. t Ire 1.11 11s c c a s r d  rit~rl the planted 
crops bcgirn w i l t  in$. 4s ;i reuui t the pea I r l  n i l  l l c t  ilrrd rntmgt~ailn 
crops cu~plct e l y  ~ J A  l a d ,  W)LC"TCI~I  p i g~ i~ i l l r * .~  ! . I I I . Y I Y I ~ ~ I  the J r o ~ ~ g l ~ t  . 
A l l  fanners upruoted t h o  porrrl r r ~  1 let .inJ ~uwrghcnn. I41rmcl.s wnritclJ 
t o  uproot p1gco11pc;i also but olr t h c  ? I I ! L ~ , C  $11 lCHisAt r c i a ~ t l s t z  
two of' theto r t* In) tcJ .  
?he rconumics o f  t k c  i s i l r o u r t !  w,itc4r ,Ired tcch~~crlogy wit% , r r~ ;cs faJ  
w l r h  and wl th t lu t  111c lus io~i  o f  t h e  ;us! h ~rr~,crrrod i n  rat sing thesit+ 
ririny scsson crclfib ( l . ~ b l c  5 ) .  ! ; n ~ ; ) l h u ~ ~  ? t r l J $  wit11 Ihe wrrt@r*.ltr*,f trr.11- 
n u l o g y  wcro ~ttor:t thrco t~rncq t h a t  o l  t t 1 1 3  t ~ a d ~ t ~ c l ~ t : ~ I  sar)ahlrn\r. 
Considering t n l ~  !mst riiiny . i r i ~ s ~ t \  ' , ( 1 1  ) : ~ \ L - I  i r ' ~ t + l \ l d i ~ ~ g  CXI)L*I~JII UI I * '~  
rscurrecl u;1 r he I , r l  rrv-rc.lscnn L - I * O ~ : *  w h t  4.1) t , I  ~ l t * r l )  , p r ~ j f  ~t s w i t h  j rey*t~rtvc?il  
tc~h~ltblul;)  h c r c  ,holi: I -iJYY ~ I I ~ : ~ I O I -  t I ~ t i I i  thy t I r i ) j lb  011 t I , I ~ I  t ic)1t~11  I r. Jdh 
thrnu[ i iou~ tt\tb L I \ ~ , ~ I ~ C - ~  :1,h1 t l t i h  ~ 1 1 S f ~ ~ r ~ ~ t i ~  f b  W;I\ $!.\ri:,l 1 4 , 1 i l ~  s j g i i ~ f i -  
rant at  t he  17 jtrobcll~r I l l y  l e i c l  ( I  . ' , t ~ l  I o f  t i l t  c'omjr:rricclrl i l l  jiro, 
f i t a h i l i t y  ( i f  t i , c  rhtp~~c>rctl \y*tc3in w i t t i  : t ~ v  t r>i t I l t  I r r ~ r , ~ l  111 I .~l t l t  'I we 
sclc4:t?.d pi!,t , b f l  t ' l  A i m l  ! .lr %or 1 , !~ 'p t  i". t l11i~u):hnut t \ l '  \'I l I i l i : ~  l 1 re47 
pert lvcm I)!' t h y  i I. lo (  ,kt ion. l l t k h ~ * v v ~ ~  L i i o ~ l t * t  11 ~ I I F !  hat  i*r$,ht:~! t , t  t t t ~ r - j  , 
s t rc%,b~*~!  th t*  f : t ~ , l  f o i  ton1i I ~ I I L ~ :  tl1 61 I \ , , I !  ( $ 1  ,II(.J 1 1 r o f 1 1  w i t  11 . ~ t l i { i  - Q I I ~  
~ 1 9 1 %  trig \ : ! F I  1.1r v . O l  1 ht6y 1 I l l l ~ l * t i  ! / i 8 t t  ~ a ~ l i c l  t l f !  illlt! 1itL:i4 t i l t !  
F ~ ~ C C ~ C C !  wait c.ri,i~rtl h;lr. t !IC' ! ~ h t  r l l ' t i l  l . i l l l ( 7  1 111~1 1 1 1  I V I  1 l r l p ~ .  'i'lic 
~ntl~ro:~"i : ( I i ~ \ ~ , l r ) ~ \ ~  kitc; 1~ ~ 1 ;  I Y ~  , i  I i . l l ~ l r *  t 11 111 ~mt:~t*tj~.~t v l y  : i d j i l ~ l * ~ ) t  
1 r ~ d ~ t  1 1 ) v  1 1  p l o t  -, , ~ I C + ~ Y  profj  t \ ( ~ f  i ! ~ ~ ,  lO(~~l / l~ , t  W C I V  ot+1 ; I I ~ I C Y I ,  t111t 7 l i tq  
J i  f f ' ( 8 1  L ' I I ~  c 11t1t ",I  '11 1 ? ic 'ul  1 )  'ilgn I t I[ , I I I ~  / I  tl1 /i) 1~:1rm1.1"+ wcl'rS 
IIOt 11,il)pY \., l t  h t jlc jrC1 t 0 1  n,lnCr: of  1 fit" 1 I., i l f l r~ lo i : )  .
S f i t  ~ ; I ~ I ~ J I  w a t  t . 1  tsl\c(i ~ ~ I T I ~ Y . ,  , I ~ I  t , t ~ ~ i  I o 1~1~ovi~iv t 1 1 ~ i  r 16811d O I ~ C L *  
rigiiin i o l  t h e  I'JUIJ-.HI 5easnn i ~ l ' t e ~ .  .I I(<t 0 1  i r l ~ ~ ~ d i n j :  f~*irrn ICHISAI . 
I t  was t1c;ldt.J t o  ,ir;cmpt p l d n t l r , g  in i.lir!y !;tl.r'.orr u l t h  II p r o m  
condition t h a t  tlkcrc wa5 . ~ t  Ir,rst ? S  !re of'  r ~ ~ j l ' r t  . ~ t r l I  i n  t h ~  t ~ p  
1;~)cr o f  t h t  ;rro!i l c .  'I h i 5  O C L I ~ C * ~ ~  01l1y tl~rrlng tllc bcyrnnilr); of' 
August wt~irlr w,ia, too  l n t  c t o  pl:rnt ;I r,rjr~y ar,lsoil sro[). Fllwct'u tlld 
not agrec wtth :!ic q. t tgger , t lon t o  p!ilnt ;~~p,vrinpci~s or1 plrrt o f  the 
watershed ~t t h ~ t  t lne. 'l'hcy were rc11rct;lnt t o  p l i ~ n t  tttiy riiiny 
season crop ;I?, t hcy have only sawn pust r ;~rnv  sunson crops r r i  t hc [ laci t .  
Lirntl jlrrp:~r;rt ion and t h e  c t ~ l r  i vn t  ion of the t ~ c d s  in the w:&tersl~cti! 
were done durit ip  tllc 1980 d r y  sc:lsor~. Thcrr war o scvera irrf 'cstat I L ~ I I  
of _ _ - _  Cvnodun I k r ~ t  & perennial wced in t tic w.tter.ihcd and c u l t  ivnt ion 
2. Lht thc biisis o f  soil moisture p r o l r o b i l i t i c s  binswni~gcr c t  5 1 ,  (1980) 
have shown titat tho prubi~b i l i ty  of ;; 90-Jay c rop  cncorsrteri~~fi 
adequate mojsture conditimx is only 30% in tmdspendahlc r a i n f a l l  
regions 1 1  kc Sholttpur (Appendix I I ) ,  
Table 5 .  Costs and p r o f i t s  from improved land. water .  ~ n d  cr-op qdnagemcnt p rac t i ces  conpared to  creditionat 
p r a c t i c e s  i n  S h i  rapur v i  I l age ,  1979-80.a 
I 
Cropping system Land t r a s s  Totalb 
Het prof l tr 
cost 5 wim Standard -a-aqement re tu rns  d c v i  a t i onC 
IMPROVED WATERSHED 
Rainy season - Pear l  m i  I l e t / p i g e o n ~ e a  
i n t e r c r o p  Eeds 1 36 1 8 2 3 .  938 256 ( 6 ,  
Pos t ra iny  season - Sorghumf 
Rainy season - nungbtm 
Post r a i n y  season - Sorghua' Leds 1461 6 IS, 642 236 (8 )  
Rainy s e a s o n  - Pear l  m i  i l e t / p i g e o ~ p a  
i n t e r c r q p  5ecs i t b t  1 1 79 j 3i 392 16, 
Po$ t r a i  n) season - Sorghumc 
Rainy season - 3u?chearr 
Pos t ra iny  season - ~ o r ~ h u n ~  
Rainy season - Fall* 
Pos t ra iny  season - Sorphu- F f a :  5 35 220 355 b67 f t f j  
a. A l l  f i gu res  are weighted aHcraZps us in9 crop areas as weio+ts.  
b. C o s t s  inc lude el caaterials, hmen z n d  anirral !&m-. anqua! c ~ t s  o f  iwlerpnts, w d  anneal G r r h e a d  
costs of deve lo-nt o f  watershed. 
C. cos ts  invc l \ed  I n  g r w i n g  r a i 5 y  season crops were ?ot included. 
d. Costs i n c l u r k  expendi ture i ncu r red  on rainy and post rain^ seasor, crops. 
o. figures in parentheses a n  the nusbcr of p l o t s  
with ttrs wheclrd too l  c a r r i e r  ~ ~ u l r l  11ot s u : ~ t r o l  1 t .  1'11t' t oo l  v t ~ r r i e r  
was able  t o  rcwt.c wcod:, from fbr f u r t o u r  but not trtm t h e  lalucd ttrds. 
Considerrsble expcndl ture  was ln ru r rcd  t o  keep ttre uater&tlrd nres Trrd 
of wccds. Srlzdit io~inl  p l o t s  wort- gca~icraliy Irca of t h i r  wr?crl hccrrciso 
of  continuous harrowing In both d i r e c t  i a t s  dur ing the r:ctnv sienson 
using the t rad i t iona l  blade Irnrrow, 
Rains wrrc rese ived i n  t lw  nontll o f  Augist artJ e a r l y  Srl)rrrnhcr 
1980, and post ru iny season sorghum wwd pl:llrtnd iri t ho  w ~ i t ~ r ~ t t c d  j ~ l o t b .  
In gene ra l ,  growth w 3 3  poor. Uuriny l ! ) X ( 1 - H l  orad o f  tlw C W O ~ ~ I ' U ~ I J \ ~  
fanners in l l tn l lcd  an rrrigatioir pipal i r r r  tro:tt tire river Ninu iijr t o  
h i s  watershed t ' l c l J .  Two f;imtra irri  gnt c * ~ l  t h r i  r wntcrrt~cd sorghum 
Crops fro@ t h i s  source .  
In  terms of y ~ e  Ids,  t h e  S ~ P ~ ~ I I U L  c \ l l  t i vnr \:!;ti-RH j)arformetl wol l ,  
i n  t h e  ~mprovccl wotershrd ,  fo l  lowtd clolccly by t h e  lorrrl l v  improvtbd 
c u l t i v a r  M-35-1  (Shet ry  t b t  u1. 1981). Ilowcver, tlrc pro f i t*  from 
u n ~ r r i p a t e d  M - 3 5 - 1  wrrc Ks.SOU/hL~ lrigticr ~ I I J I ~  l ' : : l I .~ l~  [ T i ~ l ~ l c  0). l l l i a  
was ~ C C B U S C  01' the  h1ght.r p r i c e s  r i . c c ~ v r ~ l  !"or FI-15-1 gruin t~ tac t  fc,tlder. 
'Ihc e f f e c t  of i r r i y , : ~ t t n n  on y l c l d s  was ~ r r . r t c r  on I:SII-tiR comp:rrrJ 
t o  M-35-1 ,  Irowe~ r r  t o t ~ l  p r o f i t s  wurv i t  Itlust t hc* sitme. 111 i 9 f i t~j*pc~rts 
the  farmers '  p r c f e r c ~ t ~ . c  t o r  M- I 5  I .  1,111isrs l c c l  t h n t  M- 4:) I i \  more 
s t n b l c  arad I s iq ~~!~*r - r* iv !  by c o r r ~ i ~ ~ t ~ t - ~ ~ s  11r.i. lllq.c of t a s t  a 1111tl of t1c.t. 
c o ~ ) i . i n ~ ,  g i \ i . ! l  i i  L,. \ .  1 1 1  . 1~1~\1 t i i>n ,  , P ~ Y . I W  i s  prcf'vrrci! lty 1 ~ 1 1  iicL.s. 
i nrmers i :~ok l~ i ; l :  L L I I ~  1.1 l g ~ t ( * r l  h i -  ill I c i ~ ~ l > i ~ l ~ .  tttr w,rtcl chuil ) n 
1980-81 carrlcJ prof : I - ,  ,) f '  oro~r:rJ I t s ,  (,(O'h:i, ~onp~irc*, l  t o  I ( $ .  I (  L O  ppr t ~ r !  
wlth  the  imji:.ovc.J k r ~ t c r ~ i . r J  t t = ~ l ~ n ~ l o ~ : ) ~ .  11119, C ~ / ~ ~ ' C I C I I C C  111 I I I C Y I I  
p r o f i t s  was s t a t  1s t i ' : l l  l y  s i g n i f i c n n t  a t  tlrr 0.')2. ~ ~ r r t b a l ~ ~  li t y  : i * v n l  
(t.4. 2 2 ) .  k;hcl~ we < o ~ q ) ~ : c J  tlic improvcd v,ttcz zhctl pr.ofltli w i  tli 
adjacent  j ~ l o t s  the d l  t fcrench was only  H c , .  100 irer t ~ . r  1 1 )  f avc~r"  IJ!  
t h e  improvetl water\Iird, , i r i ~ l  t l i l s  d l  S~C,I 'PII (  o wit .>  not ~ t n 1  I 4 t  1 i n 1  I y 
significant (tm0.6" ). 
Hence t l ~ c  r e su l t s  of t b  two y r n l d  1!)?'3-80 and 19HCJ~ h l  siiowcrl 
t h a t  t h e r e  wereao $ 1  yni f'lcilnt d i f  fcrcnc~*s 111 tlre i ~ r o f  i t ! ,  frurtr t h e  
improved watershed technology compared t o  t radl t i o ~ l a l  f'urlncrs ' p lo t  J 
l a  adjacent  f i e lds .  ilowrver, t he  watcfirsllcd p r o f i t s  i n  fic.ricr,~l were 
s u b s t a n t i a l l y  !~ipllur than v i l l a g u  trsrdit iotlal  p l o t s .  
Kanzrra Vi l l age  
Kanzara i s  located about 46  km cast of Akola 111 Mntinra~htra ,  Vrc a r e a  
r ece ives  an average annual r a i n f a l l  of  817 mnl i~nd s o i l s  arc atadium- 
deep V e r t i s o l s .  A wntcrslled of 1 2  ha involvf r~g 6 farmers was sclcctsd 
for  t h e  exycriments.  
tabla 6 ,  Costs and p r c f i t s  from inrprovrd Innd,  water,  s ~ J  crop matrrqsmrnt 
p rac t i ces  cmpared to  t r a d l t  ional pr , lrt icnt 1 1 1  Shiraput v l  l l rqa ,  
1980-81 .a 
Post ralny reason L ~ n d  irrigatedl Gross N c t ~ ~ f  I ts  193na9c - Crop u n i r r i q o t t ~ d  coturns costs Haan t a x  
men t ddvl&tlOfiC 
IMPROVED WATERSHED 
Sorghum HYV (CSH-6R) Beds , Unl r r  iqatar l  2236 923 1 3 1 3  247 ( 5 )  
Sorghum HYV (CSti-8R) Beds I r r  lgat  ud ;439 l b 8 9  1750 289 (2) 
Local sorqhum (M-35-1) 8 c d 5  Uni r r i o ~ t c d  2503 081 lb21 333  ( 5 )  
Local sorghum ( M - 3 5 - 1 )  b e d ,  I r r l g a t c l i l  3232  1365 t l 2 l  14/  ( 2 )  
TRADITIONAL FIELDS 
Sorgtium (H-35-1) F l a t  U n i r r l g d t b d  888 169 111 428 (5) 
a .  A l l  f i g u r e s  arc  weighted >vc-rage uslrtg crop arc85 a s  weights .  
b .  Costs include a1 1 m a t e r i a l s ,  human and anim,~ l  labor ,  annual c)vort~oad 
costs  o f  developicnt  o f  wntershed, annual cost o t  i m p l e w n t s .  
c, Figures  In parentheses a r e  the  number of  i ~ l o t s .  
Since the so i l  was V C ~ )  trerd i t  1.1$ nrc.rbs.iury t o  plow t k r  firitis  
p r i o r  t o  devclol~aent . Plok lnp  4 t h  thc h i  I l o s l a r  wtmldhoard plibw urrt l  
with t h e  wtieclrd tool c a r r i e r  rwu t ru t l  at l r aa t  2 I I ~ ~ I ' S  o f  bullusls 
with  2 - 1  men Plowing e v c ~ y  yr:lr I S  not .I ~rtltrn~tl priw.-tic~ in r l \ i %  
r l l lage  rutd nd dry p l m t  ing i*i pritit icctl, t l t t .  l:trtrl r l s i r ~ l l y  Ijeirlj: 
prepared a f t e r  t h e  onset nF the nt)rtscrort. i l l l : .  ~ r a ~ a t r d  prctbicm% i n  
implementing t h e  tcCltnolngy. I:irrn! l y  only two t u m w r J  JIJcitlcJ t 6 1  
participate in t h c  rxpcrtmc:rt on t h t s  r ,~trr~slrtnJ I n  1979-80. A I I O ~ ~ I C ~  
f a m r  located  url ii sm.111 watershait strtrllctl cirri ter i n  1(378. ?! I  arlro 
opted t o  coopcrdtc ln the  l*&pcrlrncnt. 
The brarrdbcds ar1~1 Iurni)us were 131d r l t l t  111 rite p l o t  rrt ~tropcr'u- 
t i n g  farmers I n  t h c  new watcrshc~!; ~ ~ I P ~ c . I *  Lr1 t l i ~  u I C I  k ; ~ t ~ + t . ~ h ~ ' t I  
h a l f  of the  :IYC**~ bro~c lb r*J~  .tntl f'irrrctw.i wore n:idr* nntl t h r  u t l ~ r r  
h a l f  was l e f t  f l a t  f o r  compar i~an.  Ihu w.~tcr"ut~cJ k.t? i lry plrintcJ t o  
groundnut s , surghtm\/pt gcc*t'~pca 11tt c r c  I q, ,~ I I J  ;i c (4 t ( l r r  mr xt  ura.  'Ill(\ 
i n i t i a l  r , r i n s  wcrc nor~n;,l I~ut  ;~ftcrcr,rrll. l I i~ . r c  w,~:, * I  dry spell aricl 
sorgl~um szri'frrcd ~ i o ~ s t  Itre - ) t  rvs:,. Kut  1 1 1  of'11 -, l ' r o m  t hi* ~~) I I 'CIVPJ 
watershed techiii~?o):y wcrc (>I\ Iy 201: 11 ~,ql~t*r  t l ~ . i n  t lrc t r.r~li t ior~ir 1 t i b <  Itno- 
logy. 'Tire ilct . I )  ! \  . I I  not repot t ctl \rr\ .~trst. of t h e  \cry smul 1 rirca 
involved i n  1 0 ' ! l - L + O .  
A f t  c r  t I,(* r 1 . 1 1  vcst  ~ n g  o t  19:')- R O  .,( r . "cr r l  1 rap:,) t . I I~II ICI* W L  1% < , a 1  1 ~ t l  
t o  ;I meet lng t o  ~ l ~ ~ ~ c u ~ ; s  plrtris to r  l!)~O.)-?rl c t r l  t l ~ c  I f ) .  ii hi8 v n t c ~ * l i i . ~ t .  
Sevcn f . ~ ~ a c r s  CIJ(NVT?~ i r ~ t  ettsif t II L O U I W I  *it I I J ~ ;  w ~f 11 I (  I f l \ A 8 I  
l..~nJ prcp.ir.tr ic l l r  . I L ~  ; v i t  ~ c c  wcrc ( .brr I ct! c~trl ]rid t I l c  w:ttrr< f 4 r s ~ f  w.14 
pl .~ntc\J h i t  h ( ( l t  t ,)n n!! x t u r c ,  fot.gtl(lni, , I I I ~  ~ . r t r z m d ~ ~ ~ i t ~ .  . 1 1 1  I!ihU t r u l y  
~17: nun r . ~ i n ! , i l  1 h . ~ 5  1 c . 4  crvrlf, c.omp:lret1 t i ]  t lrr 11)7!) r . . r  n l , ~ !  1 ()I '  1050 !mi*. 
The d i s t  rlbu: I o n  of'  t hc ~ . i ~ i n l ; t f  1 w.~., n1c.o nrtL S:tvor 1 l11v .  I ~ J * ,  1 i k c  
p i g c o ~ ~ p c ~  ,trld r ( $ 1  t c ~ r r  ~~rit'Sc-rr*d a r ~  ,t . 'Ihcro were h c . ~ i l ~  s htruc.rli t l t ~ r i t ~ g  
July/Augr~st r r*su l t~ r lg  i r r  \oi:,c u ; t t c r t , , & : ~ l t ~ g  ; i t ~ t l  t ! ~ : . .  4 ~ f f c ~ t c J  ( r o l i  
g rak th  i n  both t hf. tlc(l4 t ' .  +.PI 1 :14 C hr f'l , r t  p l  ,trlt c'd urcSn%. L,~~i,nt*clrirnt ly 
rhurc was ;I Inr,g dl)' ' i { ) ~ I l .  
The pcriurnat;c.c of' the ~mprovcd watcrrherl-l,itsetl ~ C C  lrnolr.)i!y wur not 
impressive comp.ired t u  t r a d ~ t  l ~ n a l  farmrrr plot:, L I I  1980- 61 .  Nct  
profits wcre o n l y  28'b hlpher then triltllt lonal field:. ,lncl t h o  dif'feronccr 
Was not s t ; i t l s t  icrt l ly signif.icont ( t * (~ .  39) (Tnhlc 7 ) .  Hccuu.uc c,f'  thc 
use o f  t i Y V t . s ,  opt irnum fert i l  :zag Ion, uxtcnsivc tlsu of Iwrt icidus, 
crop y i e l d s  were :,upcrior t o  t h e  t ; rn t !~t ic~nai  systems. Ttrc a d J ~ t i o r r a l  
r e tu rns  from these higher y l c 1 6  wcrc rrvllli 1 red by tlic uddlt imnl ~nput: 
cos t s ,  Over the t t ~ o  years t h e  conclt~.;inn I S  t h i ~ t  i n  Knnzarri Ihc improved 
technology d i d  rrot o f f e r  ncuch scope fot intprciuing fsm inromcs. 
fable 7 .  Costs and prof i t %  fran improveti I , )n t j ,  water. r ~ t \ r i  Crnu nmneuamant 
prrctlccr cnmparod to t rddi  t ionat i a l , ~ c t l ~ a s  i n  Kgntnrvl v l  l leqe,  
1980-81 . a  
Cropping pattern 
Land I lo t t i l t '  ,,;;----~GX~- Nct p r a f i t s  
r n a r ~ t q ~  - 
:c t t . t ' t ,  CUZLb 
men t dcvlat lonr 
INPROVED WATERSHID 
-- 
Cot ton mixture ( l u c a l )  Bed? I 1573 (-235) 203 ( 4 )  
Sorghum/plqeonpc~ l n t e r ~ r o p  Beds !017 1117 195  )I$ ( 3 )  
Cot ton/piyeonprit I liter crop Buds 1 $60 1:96 64 482 ( 3 )  
Sole groundnut Bods 17C14 1513 7 4 1  2 4  ( 2 )  
Cotton hybr id  Ocds 1 1 5 3  2 1 5 1  1006 - ( 1 )  
Sorqhtm sale Beds l r  l t  1436 840 - ( 1 )  
TRADITIONAL I tiLC15 
---- - --.-- 
A 1  I c r o p  comb i n r d  F i . ~ t  056 sf38 268 244 ( 1 1 )  
a .  A l l  f i g u r e s  ar'c wci l l l~tcd aver;iqes us inc r  crop drca*,  ar, wuiqtrts 
b, Costs include dl-I cn.9tt.r i i t l  5 ,  hurn,rn  nil ai~irllal I ~ h o r ,  r~rlr~ujll tvrr t~r .ad 
costs  o f  devclopincnt of +idters; icd,  ar~d ar~riudi ~ c , ? r t l  uf i n 1 ~ 1 ~ n 1 r n l ~ .  
c. Figures i n  parcnthvses arc the number of p l o t s .  
Ihe  sxperisnce with these  I t y r o v ~ J  ratrrshad-ttnsocl frrmlrrg systems 
opt ions  over two yccsrs in  thrrqc ccir:; r ~ r s {  111s a ~ k ~ o c l l m t i e  s l tuzttlons 
suggests tha t  use of M ' V  sc*eJs and r l~t~nr~c.: l  1 t t . t  i l ieors  w i  th precl sf on. 
I lacement can s u b s t a r ~ t l  i l l y  it1cri.Aw crryj y irlds. tlwevcr, only i n  oac cases ware the enhanced yfclrts t I ,\nslatt*rl i n t o  s lgn i f icur r t  
increases  i n  p r o f i t s ,  as i n  the ,\lTist,I villago o f  hurci)alla wlrcrm IlYV 
seeds and fcrt~li:crs per~erntrJ 2,rrpc , r n d  qign i  f i can t  Iucrcnse~ i n  
profits c o ~ i i r l * d  t o  ttarSitiuit.il s v ~ t c n l b ,  r*spoclnl ly  irr rlrr J r i a r  ysor. 
This was not genera l ly  tile r:lst in t t ~ v  twil \'c\r.tisol vlllagas, although 
i ~ r o v i n g  post - riliny 5eauon crops ii tht ,  tlrc>ur:ht -}rrone re):ion ol 
Sholapur does seem t o  i~ave ~)r.r~misc. 
Broadbeds i~nd fi:rri~h?. d & J  rrot of't'c-r KrcRtzl j>r.ol 'itrjhrlity Ltr 
Kanzslra med~urn-Jcei) 't c r t  r wl z 01. I 11 t hr f iu l  ih;>iil 1s A 1  f i ~ o l  s , the two 
s i t u a t i o n s  where c u q ~ ~ r i s u ~ r s  W I  t l r fl .rt p l . t~~ t i r rg  wcrc y o s * i t ~ l e .  
Prof l tq  from t l n t  ctrltivnt:on wvrc 11ot s lgn i  t'icarrtly di l ' ferant  from 
thosr  on t h e  bsoadl~vti ~trd furrtrw picltt. wl\cn L*r)tt, ware implcmetttcd 
using thc  s a w  il .crl?s, l l ' ~ V ' % ,  Icrt 1 l l : c - r r ,  :tntl trrtl,iycmerrt. 1 f toctive 
weed control  A!.IY 3150 becoma incrc:.isr r r ~ l v  t l i  t f i cu l  t on LtrorJh~~d.r nnd 
f u r r o r s  u:lles> they  arc plougllcd, c u l  t:i . it  cd,  nrlJ rcfunnntl nrr u ss):ular 
bas] s. 
I t  WOUIJ  11ot trcem t 1:1111e t~ grow I ~ l n y - % ~ a ~ n ~ i  crops on deal) 
Vcr t l sols  I I !  r r i . i t ~ v c l y  ~~nursur-vcl t d r t ~ f a l l  rtqC:ior\a s ~ l c h  i tz S l~ulnpur .  
I t  seems i ) r r l t*r . i l~ lc  t o  focus ~ a t r  1nii)roviriR t h c  ~ ~ r o t i u r t i v i t y  of pos t -  
rainy season i r ~ 1 1 5  i n  T U I . J I  a ~ r o c l  imat i c  f1nvi runrmntrr . 
Binswnngcr, 1 1 .  1 ' .  , I l rmnn~  , S.M. , ~ n r l  Lnar[~rt~, . I .  i ! ) N O .  F:i~rming Sy.%ton!5 
cornpatiants fo r  selectad itrca.'i irr I n d i  i i :  evltloncr from ICW ISAT, 
ILItI  SA'I f trsearcl~ Bi l l  l c t i r i  ' i o .  .!, I'.rtan:licru, A.17 .  , 1r:di:l. 
Jodha, N.S . ,  llsoAan, B I . ,  and M y m ,  1 . (  . 1!377. V i  l l a g c  $ t t~dy  mctlrodology 
and resourcc endowments of thc s c l c b ~ t ( . 0  v i l l u g e ~  i n  ICK1SAl ' ' s  
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D i s  tmcc from I C R I S A T  
Center (kn) 
Sail type 
Important crops 
Land less households ( Z )  
Averaye s i z e  o f  o p ~ r a f  i0n3i  
holding (ha) 
'I i r r i y a b i c   are,^ t o  ~ o t a l  
cropped area 
Total area o f  the  r d t e r s h r J  
where "Iniproved", terns 
were tested ( h a )  
No. o f  caoperatinq f'~rr:uts 
holding l a n d  on the 
watershed 
S h a l  loti I ( ,  h e p  5114 1 low to 
awdiur f  A I I  i s u l s  Var.tfroIb lrmdluctr-bnp 
Vort iso ls  
50 I qhtt~n Rniny Cot ton 
CPII t l ~ r  liens on Sotcjhum 
Pear l  f a 1  l tw Munqbeun 
nli I11:t post  rslny Croundnut 
1' i O ~ O J ~ O C .  ,t S C ~ S Q I I  I' i ~ e u n p o s  
Paddy Sorghum dnd 
C ~ I  i cL p~ a 
M I  nor- (wiser  
I' i qaonpetr 

